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^l] 

•SrHSfM^ofl ^ =L ^lS^ v ^{Fluxgate sensor integrated in 

semiconductor substrate and method for manufacturing the same} 

£. l^r XI 1 -M^HH *}7fi3#^*r» M-Ef^ 

£ 2a ifl*l £ 2Hr £ l°fl Ji^l ii^M sj-^S, 

£ 3a ifl^l £ 3eTr £ H M-Er^ ^>^l^#^r# ^ Y-Y'-id^ 

**fl «V£^7l^: ^Hl ^-g. u|-B|-Ml afla^S, 

-£ 4a^ ^^^Hl ^^*>7ll ^^tr 4 ¥ ^F^^l '8'*} ^ Efl^ ^ 

l^iS ^7}5L^o] ufE}^ J^S., 

^V^1^5r^#S^ol S.^-g- ^-El-ufl 5§^ £> 

£ 4c^ £ 4a D ^ H 4b^l iL^l ^7}^ -4 ^>^l^^-^#S^o] ^ sg^^ofl 
4 ¥ <3*H3:S°H #*f| 5L^^r 4^ 

£ 4d^r te^7lJft^ «8^€ ^efl^l «a^scH <# 

£ 5^ XI 2^*HH 4^ W]-£^7l^;Ojl 7>7jl^#^i7># £^]^O.S 
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^ 3.^ M-Hf^ 

<| ^£ S.<g^§- M-Ef^fl sg^S., 

ti> ^Eflo^ - o^HjiEHofl ^] ufEf^ ^S., ZLS^Jl 

-£ 6d^ «l£^7l^ -g-oj ^>SHI a}z^ ^Eflo] o^h^o^ <$ ^ofl 

1, 2, 5: <g^S^ 3> 6: c^iaH 
4, 7: ^Ml^^ia^ 20: 7]# 

21: ^HgS^^SlJ sH 3 - 22, 24, 26, 28, 30: ^<^bv 

23: o^}^ ^ 25: <g^S<^ 

27: o^}^ aVh 29 • ^>7fl ^ 
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«H *>7l4Hfe tiling €- ^^( core ) SE^r «?!*H3 5}£-Jl5L 3.o] 

«*fl #°> ^^*1^. 21th ^§*MH H^Hr 7>741* ^71 ^«fl^ ^7>S)5.7> o}-g-^ 

<21> ZLE^U} ^5fl£] 7>^^#4iX>^ e -g"^^ 3<H i&^r ^7>^ e^ofl oj^- ^ $ o) ^ ofl 

^<^o| ol-g.£|7l ufl-g-ofl J7 7 >^ *)-tl) ^ , 7>7fl^#^7|-# °l-g-*Rr X\ 
i^o] «^ 7> ^l^ol o^uf. 

<22> 0^7>^^^1 o}*fl 7>^^5}-^ S^ofl 0)^1 7}^^ 31] ^ ^ & 7 1 nfl 

<23> ^ ^-tg^ -E.*^ # 7 ]<2j- £0. °^)^^. Sfl^^r>7l °| ^ ^>7fl 

^ 9X^ *}5-M)7)%o\) 7.>^1^#^7>> ^ ZL ^s« 0 >^^- ^ 

<24> M^o} H tfs ^*\£r ^ ^AAA <^(zero)^ *J|, ^Hr^S)- S^ofl °- 
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% gsi^ qx\m<£; * #7l o^^. s «g #*H ;£<3§^| sl«fl *i<?i£H, A o v 7) 

<3*Hd3«H* €-3$ ^Bfl* *£^- ^>?fl^^#S^;-8- i^W. 

<8#^ ^ 5a°.^, oH, #7l <3*l-#.2<Hfe- ^7fl^l «} ^Bfl^. 
s., zJoi^o] s\sm ^#tbtf. 

#7l #7l ^ ti># '8'7> ^Bflo) ^Vc-lL ^#^1^, 

S tJ-ilLTflfe #7l ^ «}» Zj-Zf #efl^ol= 3^ ^ ol^ ^ 

^ V 7) ^MJS 0 !* A>4^^ ^^j. ^ o. f # 7 j o^ia^a- X}7\]£^^°.3, 

*l^r tflD^l °<J= m^i^-S. ^^fV '8'7> ^Bfl^ ^p-S SE^r #7l tfl^ <s= ^-g; zj-z}- ^ 

*V *g#^- ^ ojcf. 

^7l 7]-7il^5l-^#S<a^: #7l <37}# ia<H # °l-¥-^r # 7 ] <= 7 J)^ H> #7l A>Z}-*8 0} 

7>7jl^#^« 0 V^O. S ^£ t^-g. JUtt}^^ ' 8 '7> ^EflS. ^^d*]-7ll4 #7] - U } # 

7] ^Z^O} <£ ^ ^ ^efl^ojC ^L S# C^^^Ofl ^f>}<*\ # 7 | 

^7fl^ u> SL^ #71 A}z|e^ ^o. ^^ofl ^efl^ojc ^HflS. t$ 
$ a CfS-Tfl^ #7l 7>7fl^S|-^#^^^ #71 ^7fl2} W> # 7 1 A>^^ £t| 7 >^^#^ 

H o V ^^- °<J '8'7> ^EflS. ^^l^>7m- #71 ^ «V #71 A^ig^ <# igo. ^ 

^- ^eflicolc ^EflS ^7C> S ^ofl 3#«H A o V 7l ^-7fl 31 til- HL^r #7l A> 

ZV^O^ Oj: zvzv ^ e fl^ol£L ^EflS. <§#^- ^ ' 

#71^1 -a^-i- ^#*>7l ^^1 7>7jl^#^ 7 > ^S^^^r, ^£^71* #^^1 

7>7^1^#^^ *>^-« ^^*>fe ^1; #71 7>7fl *>^-7> «§#^ #71 ^S^^* #^ 
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°fl *1U ^#*>^, #7l ^Tjl^^S^o]] tfl^ ^^> S <^ ^^Rr t^j; # 

7) cx\*}3.<£ #£0.3. ^<?§bM- 3^}^, #7} o^}^ ^w.^ j^o. o]*V 

* 1*1- ^#*Rr #7l i§#£ # 7 ] #jjL6fl # 7 j 7>^1^#3«^ ^ #7l 

c^7>S^^l tfl-g-*H £*H33°1* ^#*Rr ^Tfl; #7l <£7}^iS<H #^1 

, #7l ^7>3^ *Hf Sj- ^ *U 2*1- ^#3Rr ^T^l; #7l *fll ^-f-*o] 2 *> 

#7l *3<£^ #Jfofl # 7 ] <^7>S^ ^Sq- tfl-§-£M, #7l ^*}.2«] ^71^^.5. 
^^tt ^7>S^ #^1- ^#^Rr ^-Tfl; #7l ^7>3L^ #-5jLofl ^nj--g. #7l 7> 

*(I3#3«J W *)12 ^#*Rr #31; ^ #71 A}2 #**<>1 # 

71 #J=Lofl # 7 ] <^7>^<a S>-f-Sf tfl-g-£H, #71 7>^1^#S^ ^f-Sf &7]^<L^ 

#71 7^1^ ^# ^*Rr #7)1^, #71 ^£^71^ #«-5.«-Ei ^iljg. .Hia- 

tal ^ i# A>ol^ #i=. Ji^o} H 31*11- *g#*}^ ^711; #71 4^^1 H^H*l7> ^# 

^ #7l til£^7l^; #^ofl A] = ^ol<^^ f^V^r £-?4l ; #7l ^ J= efl 7 ]- ^£ #7l #5. 
^l7m #^# J£^Rr ^1; ^ #71 5L^-§- ^-Sfl #71 H3!*l 

°1 ^ ^^£151^- #^# <£^Kr 3r7fl;-fr ^ ^=7^, #71 7f7jl^#S^ ^ 

1- <l^Rr #7^, #71 ^5L^l7l^r #^ofl Aln 5 |olo]f ^<5Rr ^7^1; #7l Alc efl olc>| 

#-^1 ##M-8: £^>JL, ^ «#* £^-1-^: ^#*Hr #7fl; #71 £ 

^-*Kr #711; ^ #71 si^-t-g- 7fl7l*Rr #711 ;» ^ $>m. 

#71 ^7>S^ t^Jf, #7l ^iS^ #^, ZL€\JL #7l T^l ^ #Jf-& 

^■741 21-^, ZVZVO^ Cf^l #7] ^o^nV ^ofl ^Tjl ; 

#71 ^^--^ofl ^^Aj-^. Oj-g-^ BflE^^ ^#*>^ ^"711; #7l Sfl^ofl Ol-E}- #7l 
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# ^#^Rr #,4; #7l #%#*3<>1 441€ #7l #^ Ai^^ojo]!- 

#4; #7l Al^eflolol7> #7l 7l^ofl 51^Rr #4: #71 onicg<* zJ-zH 

43^ ^*°1 *\3. 7i<$S)5m #7l 71^; #*i-g- <£*}*Rr #4 ; ^ #7l 7j#ofl ^ # :g # 
7] S^f-* ^171^ ^^Cf. a #71 e>^f, #71 ^7V^«^ # 

HSlJl #71 ^1^#S<^ #Jf» ^#*Hr #4 ^^r, ^Z}-o] #4 ^ #4 2}f^ 

A oM %<£i* #^1 a)^])o}o]^ f^Hr cj-711; #71 Al = elloi^ #«.o]l q iSe^l^H# 

#4; #7l i^^^## ^Tfl; #71 Sfl 

€4 ^5} ofl^H ^#*>^ #4; #71 5i^-#4 JE^Rr #4: #71 oil ^ ^ A 
*H 4^ ^#°1 ^^5151^- #71 7l^r #<£# <a^H>^ #4; ^ #71 71^1 ^ 

£ #71 ^ #71 §1-^-21 Al^eflolol^- ^T^Kr #4;» S^-c*] ^ $1 
A. 

7.>#^oH- 71 Z]^ *§#<^ H>7>711^^ *r &4 5^, ^^J^ 

#iS<lH o^^H^ol^- ^-J7 ol^ ^7fi2^ S]d\] 3#3<H ^if ^Sfl 7>#^5}-^#-g- 

-£ l^r ^ l^^l ^1 ^*HH ^51 471^4 7.>7ll^#i7># 5L+m£L5L 

M-Ef^ £^014. *>7jl^#4i*Kr W> ^§4^1 ^ ^^30l(l)(2)# ^4^(3) 

°1 JZ^lLS. .g.^j. ^Efl S ^T^Jl °} on^ 7l-^^^#^^(4)ol ol7>^<^ (3) <fl S 

41 31 42 <2*M3 ^(1X2)1- #jL<&r}. *1^ ; £ 5^1- ^-ol ol7l-^^(3)^r ^- 
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AA %^\% A$-^ 9X^, AA^A^^QU) ^a], 0^=7^(3) 

5)3- ^Efl^ - «a^^(i)( 2 )^- AA f2t ^ 

4 ^Hflo^ - o^^^o^^ . 8 -^> ^Hfls ^S]^- '^^-^^S 1 

ZLSlZL *>7lofl H^SItt Sl ^ ^*H^ Bfl <?] ^}A^^i ^Efl^l ^^^<H^ tflsfl 

£ 2a £ 2f^r £ 1°11 AAA%^A$\ ^A^r A 4^*}7] E}oj ni ^ cf. 

£ 2a^r *fll ^HS-S^U) 6 !! *1 x>^15] s^S, £ 2b^ z\}2 ^^3.°] (2)°\)*\ ^"^^ 

7} 7^ A*§5L, 51 2c^ *fll ^^^^(1)^1^| £ 2d^ *ll2 <37> 

^J2<>1(2HH ^Hrl^^ A^SL, ZLZ\5L 5L 2e ^ S. 2ffe #-2^ -fM 

^Itt afll ^ ^12 ^-7l^ < a-(Vindl ( Vind2)4 ^1 ^ *fl2 -^-7l^<y-^ ^-(Vindl+Vind2)^ zj-zj- M- 

^7>S^(3)ol 27fl^ <£A^3.°](l)(2)<*\} '8'A ^Efl^] iE^r 
^s]^, ^j-^ofl <^fl ^c^(i)(2)^ xfl-^- 7>7fl 'HextOl-^Tfl) + Hexc(^7>s 

<2jofl o^V 7>7fl)'2f 'Hext - Hexc' ^ 'BextOlY 7} 7]H A^SL) + Bexc(<^7> 

3.<£c$ o)i$- -Bext - Bexc'^r ^« 0 >^S 2a, 2b, 2c, 2d 

fe). eV^, 7M1^2|-^#S^(4)^- 27fl^j S<H(D(2) Z^o^ iM^Rr 7>^^5)-^ ^ #) 

^lHM7l nfl^ofl, cfl^ilS ^ -fr7l^«3- 'Vindl*, , Vind2 1 ^ ^^oj-o] 
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#313 <H 2f). ^, n ^(l)(2)2l ^^JlS^-Ei 'Hext'^ ^ 3^ 

(l)(2)°fl tfl*fl ^^« 0 >^O.S. 7Hfl^7l ufl^l, ^ ^^(l)(2) Z^o^ M^Kr ifl^- *}7fl^, 

'Hext + Hexc'sf 'Hext - Hexc'7]- ^cf. ojufl, £ 2e°H 4-Bf^fl ^Sj-^ A 

A ^(Vindl, Vind2)°] -fMsM, -f- ^- 7 l^<y-^ >^3. £ 2 fSf ^o] l^e}-^ ; <=- 

-fr7l^^-o] ^S|<H M-b^-^ -B-7l^<y-(Vindl+Vind2)* AA €^ -f-Sfl ^^^S 
^, ^l-¥-7>7jl 'Hext'^ a7l# ^ fltj-. 

fl^ ^ 7>7ll^#4i7Hl 27 fl^ ^HS<H(D(2)5^ '8'7> <§ Efl 5>) 

7V^^#i7>^ ^2:^, <qjf;*}7ll 'Hexf7 r «fl, ^7>^ S 0](1)(2)S.^-Ei M^S} ^ofl 

3tf -^714^* #ifl*r^, ^7}S^ol) <sj*fl^ 7>^o. o^^solbfl^ 3fl*}S-I- $#*r 

71 nfl^-olrf. 

tr^, £ H iL<?] ^HdS^fe a>z^-^( ret angular-ring)^ Efl» 7>2J ^ SJcf. ^3 

Cf. H)-^ ^. 7 fl^ tj]- .20)14 ^Uj-^ ^ 2<4# A}-g-<5 r ^ ^O] AJ^^^^HI €" #3 
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<4i> ol«H| 4€- ^>^1^#^>^1 ^lS^* ^ 

<42> 5L 3a £ 3e^r aVE^l^ #ofl *>3l^#^*l-» ^1^^ M-E}-^ 

EflS oicf. j£ 3a tfl*] tr 3e o} t^ofl^ x-X'^l# ^ #1$$] ^0} 

^ , Y-Y'^-§- ccj-H^- #eJMcK 

<43> ^>^^#^>^ *fl3^r, aV£^7l^;(20) tf^ofl i^^Kg; o)-g-^ 

# Jl^^til^ ^Vo] ^<g^ ti>£^7l^;(20)^ ^-^^ ^71^ ;g<3-g- ^| 

iffl*Hl ^(^1: ^sl, £r)(2lH ^^^l^s. £ ^-o. ^uf. nelJL z| H31*1(22H] 
^(23 H *\S. ^ $XS.^ CMPCChemical Mechanical Polishing) ^eRlc)-. 

^£^7l^:(20)ofl 7>^l^^#s^^ ^ 5E afl^^^r -f-sfl ^ 

^ SZcf. n. «o v ^£-, *}5^l7l#(20Hl ^71^ ^<g^- <H*fl ^Sl-ev^ ^^^ J1) £ ^ 

-i- fl^ Al = 5flolc>|^- Aj-^nv ^^Itf. oj* ( ^ (thick) PR(Photo Resist)^: a^H^ 

*Hf ^ A <M- ^^4. °fl ^ ^ # ^, '4 PR4 a]j= eflojoj-g- ^SKf %<LS. 

^V^l^s)-^^^^ ^ 5- 3a^ **fl ^S^l^ofl 

7.>7ll^#^^ *Hf(21)7}- M-E^uH 

<44> 7>^l^S)-^#s^ ^w.(2i)7|- 7l^r(20) ^<S^(22 )^g- 

^, ^^^"(22) -tf-f-S. ^^Vs^ ^(23)# ^^>3«a ^(23)» ^^*>^ 

y o V ^^:, 7>^1^2)-^#3^ ^(21)7> 7l^;(20)^ ^^^"(22) ^ofl ^-^^ 
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* 5LS.*}31, #%^^°\) £#^# <*l-8-^ ^l-is^ SHf sfl€^- ^^tb sfl^l 

6fl^*H ^t^. ^sHM-^o] 011^1^ 7l^r tf^cfl Al;ELi5ll°H« 

^^A. A^rSLS., X\^o}o\ 7 \ ^2V^ 7l#ofl £^ oil ^1 ^ ^ ^4°fl ^^^1 ^ 

^5. ^gs^i* 71 Jg- CMP ^51* 7}%o\] "1-^- ^T^ct) C^^Oj 

^Hf(23)« ^th}. <^^oj s>^f(23)l- ^*Kr SE t}^ o.jjL^, ^ 1^^(22) 

^ A o V * °l-g-*H ^ sfl^ * , jrflBlofl 4^ ofl^H 

£#l-ofl 5L^*}51, on ^ ^ ^ ^^Hl *H3*J ^-^#^1 *\s. ?A9ls)5m 71^ 

CMP ^Sl*V ^, 71^1 51 ^-t ^ S^-l- *}3fS>) A)ELZ])o]o]^ ^ 7-1 §]- cxl ^*>.2^ ^ 

(23)1- ^ £ 3b^r ^ ^ -g-*fl ^£^171^(20)^1 ^-(23) 

7> _E.^# M-Hl-^fl ^£<>14. -£ 3b^r *§^€ ^43°e! ^Hf ^^-S. ^«?l^-(24)ol 

*!:-§-«-( *l.£Al)-g- 1*> ^^Jl, cxl^oj ^.h.o11 ^^^"(24) ^^Sol(25)* 

^^4. ^^f^ sol (25)1- ^S^Br o)7.}3_<£ is}]*(23)°\) ^^(24) 

^°11 ^M^M* ^#*>S, sflEi oQ^-g- ^-sfl 0^7^^(25)1- ^t^. 5. 3c^ 

«>£^1 7^(20) ofl ^^^<H(25)7> S-^-fr M-Bf^l ^£o}^ f 9i^ScH(25) 
^°j5i-(26)ol ^VEfll- ^loI^t ojrj. 

4^-° 5., «a^^(25)oll €°l^-(26)oll 1*} ^r*#4 ^oj ^^oil^i ^Jf-^. 

* 2*>S ^*1-JL, *tfl ^-f-l-o] 2x}3. ^91^(26) ^oil <^7>s°J ^(27)1- 
*Vt+. c^7Vs9J ^(27) ^^d^r, ^pq a^ja^ ^(23) ^^^2j3f -i-oj ^.^ol ^^.sj 
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B.S., o]t\ -Q^Sr ^^tq-. ^7)^ <^^>s«y ^(23)^ ^*}51<U #JjK27)fe 2x>5. 

*fll ^ ^71^ ^^cf. £ 3d^r ^ QSr ^*fl <^^^ A o V Y 

(27)7> 5L^ i+i^ o^}^ ^(27)^ ^^^(28)ol 

^SLsL, *d<£^(28)<*\) ^(21)Sf ^>7fl^^#^«a #-¥-(29)7} *) 

*8^€ ^^(28) #JfS ^>^M2l-^#S^ ^(29)1- ^tb^. ^>^1^2]-^#3^ 
^(29)^ ^tg*v c^}^ ^«.(23)^ ^2^:4 ^-g-^JELiiL 

°1*H ^^-i- ^tt^. o>^-7l-^S *fl2 ^-f-* *§>S 2]*fl 7>^1^5)-^#s^ ^(29) 

Q ^}74l^5l-^#^^ ^(21)^ ^ S #7}*\SL3, <&%&t±. £ 3e^r, *KE*fl 71^(20 HI 7>7fl 

^S^^i&H A o V«.(2907> M-Bf^ , 7>^l^^#^«a #JfS ^<a^ V 

(30H ^cf. 

£ 4a ^ £ 4c^ £r *fll ^ ^^)7]^ #ofl T^l^t^l-S] 

£ 4axr ^ ^^cHl ^^*>7fl «}- ^Bfl^j ol^^cH(i)(2)o 1 l c^^s 

^(3)^1 ^^SS. 5L^-8: M-E}\fl ^Tg^ojji, £ 4b^ ^Efl^l ^ <£l*H^<H 

(1)(2)1- 7]-^^^#^^(4)ol ufE}^ ig^^olcf. ^jt. 

51 4c^ £ 4a ^ £ 4b4| iit! ^7>s<^(3)3)- ^}^^%3.<U(4)o) jgs^]. 
^1 w> ^Efl^ 5= <?l7>^^(i)(2)o 1 ] ^1 ig^s} s^o. sg^iolcf. 

£ 4d^r «V.£^7l^;^ S%^6\) A>Z|^ ^Eflo) <g^^( 5 ) <£ t^] ^ 
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^ufl H^oltq-. 7>7Jl3#4i7Hr n^ti^ ^*^v H > ^Eflsl »H ^ 42 <S*H3i2oKl)(2Hl 
^>s^(3)ol ^€ *8 3)JL #7} 9JLSLv\, ^, ^^fif $>ZL 5^^, ^1^^#^°^(4) 
ol oi^>s^(3) 4l 3? ^12 ^^^ < H(1)(2)1- ^is}jL 

<5i> tJ-^ f si 5 oil ^.o] <£*}^iii<H(l)(2)^r A>z]-^( re tangular-ring)^ ^Bfl# 7}^ ^ 

4 7 -I^S] ^>7il^2|-^#^O.S. ^^1*1 ^<H1 ^Bfl^. °i^>3^ 

#°w V °l *fll ^HH ^l^#^Hl^i ^#3^7 -fi-7]^<3-4 -frA>^, 5>l^-^>7ll7> ^ 

(zero) 0 ^ °<J€ ^-^HH 3#3*r zj#^cf. 
<53> 51 6a ^ 51 6c ^ -g- *fl2 |Alc|6| tcj-ef ^>S.^7l^ 7>7fl^#^>S] 33 

^>^^ol ^E^o]^ ^Efl S ^£ S.^* M-Bf^H £ 6b ^ 

^ ^^^Hl Jg«8*>7ll ^Hflo^ - £*Hg.2<H(l)(2)# *>31^:g#.2<iJ(4)°l ^ 

^€ M-^-^E £ 6c 51 6a ^ 51 6b°fl SL<?] <*j*}ia«|] 
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<54> £ 6d^r aVS^l^cq ^ 3§ig^-6fl ^ ^ ^Efl^) <#7Hj i2<H (5) ^<H] «^ 

I^SS. <^^^(6)3|- lt1?2S ^^l^^^^ (7)^1 JE.^- 3Hd€ 7- 

£-ofl 7}4-o) 2^Sj- ^ ^ c^^ S ^ol ^ ^S]7l nfl-g-ofl ^Aljro] ^.g. 

A o V 3H^ *1JL^«- l±l=f £^7fl ^ ^ 5E^, ^HM^a]^ 7l## °l-§-*H 

<56> al^^yl^oH ^ ^ 7>7fl^#4i7Rr , *1^7>7} 3#ofl n}^ i-i] a] 7fl ^ *}^, 

^l7>7l ^ 2-MeK*1*HW, 7>7l^l^, ^^flj^ ^ oj-g-^ ^ olcf. n 

SlJl 7>7l ^3.^, £3^, ^^-^^i ^1 #^3°.^. 

<57> o}^ tijc Sfl 7 ]^rofl ^€ 7f7il^#i7>^ ; Cj-S.^ ^ S|5.<2}-°] ^ ^ o] 7 }^} 

<58> ^i^^oj] t= 1-^}:^ Z\ 3.o] SE^r Z| i£<L5LJfEi ^-7)^^- *}<y-g- O.S 

<59> Stt «VE*fl ^^71^ Oj-g-^ ^12^£1, ^Wl^l^* ^ ^ $X^\. 

<60> J17>^ fla^L} ^ 3.o]d\] tij^fl \££r !&7>3. ^ tfl^^Aj-o] 
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^Ai^ofl °>M*H, ^^^HH ^*Rr 3Hu-o) 
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M-I- 5> £ s. *g^ € ^7>s<a; £ 

^ if-*Rr 3# ^J-°-S <5Rr 7Hl^#i:7>. 

[^T^ 2] 

3] 

#7l ^ ^ol^-i- «o V ^S ^-8: -IRJilS 5}u 7Ml^#4i7} 

[^^J- 41 
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13 t 1 * 5] 

^7} ^-7} ^ ti># #efl^o]^ ^BflS. ^Sl- ^ V i^- 

A oM ^l^^#^L^^r ^-71 ^ «> ^ZV-g. ^E^ojc ^BflS. T^tb ^Sl- 

7] 

#7] <^^^^ ^71 ^ «> Z|Z^g- ^efl^o]c ^Efl^ 7 x Vc^ ^ 

[3^8" 8] 

A o V 7l ^l^S^l^S^ ^7} *f- W>» ^1 ^efl^olc ^ ^ 

9] 

A <M ^71 ^ z^zj- ^efl^ojc ^HflS. 

^K 1 7>7il^#^^>. 
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10] 

^7] QA^^x; ^^cHl ^^(Rectangular-ring) *ms. y A^r ^Hl -° 

in 

A 101H1 91 

12] 

a^iEL^ -8-71 A>Z^-^^ tfl^ <£ t£.g. M^S. '8'7> ^EflS. ^^*1 

^^tr 7>^^#dl7}. 

[^*cT 13] 

afl 12%H1 Sl*]^, 

^7} 7} 711 ^2r^ #^^^r #7l tfl W <£ ^ "^l ^e^o]i= ^Bfl^ 

^S^- ^^tr 53* ^HjiLS *Rr 7>7ll^#i7>. 
14] 

all 12%H1 91°]*], 

A oM 7}7ll^s}-^#^^^: ^"71 t^5} <£ ^ z^Z| ^eflicolc ^Efl^ ^Sl- 
^ O.S 5}^ 7>7H^#i7V. 
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[3^8" 15] 

*1] ll*oHl $X°1*\, 

-#7) ^7} tfl^ <£ ^-g- AA ^EflS. 

16] 

*« 15%H1 91°!*], 

€-93: ^» 5*51-1=- *}3]3#^*>. 

[3^8" 17] 

i5%hi sa°H, 

o]= ^Efljg. f£f g-JE^- ^ f^o S ^ ^1^#^>. 
18] 

A <M ^V-sU ^ ^#^1-^1, -8-71 ^7>^l<H e>^-sq- ^tb 
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#7l <&^3.°] ^o\] ^^}JL, #7l «^^>s^ ^tb *fll & 

2*1- ^*Kr ^r^l; 

#71 m ^irO] 2 *\ «§#^ #7l ^<g# #^-«fl #71 ^7}^ ^pa^ cfl-g-sl^, # 
71 a^iS^ ^}-*L<4 ^7|ajo S <^>i2^ #^-» ^<5Hr #7ll; 

#71 a^}^ ^.«.ofl ^^nV^- ^^sfZL, #71 7|-7ll^#ia^ ^-S>f ^ *V *fl2 

#71 *fl2 W^°l ^- 7 j A o VW^ ^7}^ *>«-^- -8-71 7> 

>D3#S«J ^7l2jO£ ^^fe T^T^t^ #^» *8#*Hf #31 J* i^Rr 53^- 

ti]r£^l7l^^l ^2}^ 7>7ll^#^i7l-Sl afl^^. 

19] 

18%H1 Sfl°H, 

#7l *MI3#-SlJ ^« $^«Hr #7fl fe, 

#71 aV£^7l^r #Jf3.JfBl 5}« 0 >1S ZL^r^wl gj ^ A}o]^i- ^-^o^ B 

31*1» <8^*Hr #7fl; 

#71 B€*l7} #71 i&£*)7H& #^ofl Al^eflolol^- #^-*Hr ci-Tll; 

#71 *]!E_Z]}o)o] 7 } a o v 71 a>i^7l^- #*3-§- S^Rr #?fl; ^ 

#71 £^-ir ^ #71 ^£1 B3i*l ^^Hl ^K-l^l ^«°1 ^3. #^* 
^^*>^ #31 f^AS ^ «KE;Hl7l^l 7>7^1^#4i7>^ afla^ 
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[^t 1 * 20] 

21] 

ZVZVO} #7)1 *H] ;g<£uV ^ojj ^-^^o. #3); 

^"71 iflElofl ^7} 7V^^ o)|^5H ^*Kr ^7^1; 

^"71 o]} % eg z}z}-ofl ^fl^^l ^l-o] ^ S ^t^S #71 7)& <3"Wlr # 

Til! 5? 
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^-71 7)&o\] ^7) 5=^-#-g- afl^^ #711;!- Ifsfe 53* ^^.S *}^r 

22] 

18%H1 $lo]*), 

^7] <^7}i2^ ^-71 c^^o^ A o V«._ zi^Jl 7>7ll^#^^ ^» ^ *Kr 

AAQ #711 ^r<8 ^7} %<&*t Al^eilol^^- #711; 

^-71 Al^eilo]c>| 4V«.oil ^ ^sefl^ie* #711; 

^-71 ^ ££ell^liE6]| i^^^^-i- <>l-g-<5H *im* ^£Rr #711; 

sfllH rc)-^- ofl^^ ^*Hr #711; 

#71 51^-«-ofl 5L^-*>fe #711; ^ 

711; 31 

^7} 7}&°\] AV 7 ) AV 7 ] SL^-g. §>«-0| Al^eflol^^- ^SKr #711 J* 

23] 
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l*8tt 24] 

4 23%H1 9X°]*\, 

25] 
26] 

Tfl 25%H1 SU*H>H . 

5. ^ ^ # 3^ ^0.3. S}^ 7]-7j)^ #^7]-^ ^1S« 0 >^. 

27] 

S ^« ^^tb 3* ^ 7>7fl^#^7l-^ 

28] 

^7) o^^o^o. a> 7) - w ^ ^ ^efl^ol^ ^Efls. 5K£^- ^^tb ^ 

S-^^-S *Kr 7>7^1^#^7l-^ ^saj-^ . 
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[^t 1 * 29] 

*fl 28*41 £M>H, 

S- ^* #3E^- ^* ^-g- ^ ^>^^#^>^ XlS*^. 

[^* 30] 

*)1 28*41 

*?1 7>^1^^#S^^ *7} o^jaQjofl ^#<5}o} #71 ^ W># #Efl^o]r= $ sfl 

S €*}* ^-S* #5=^- ^* ^^AS *m 7 r 3l3#^7 r 2] *)lS*^. 

[^* 31] 

A cM ^p^o^ ^^(Rectangular-ring) ^3] 5. *§^tr ^-2.3. 7>7jlzj 

#4l7}2} ^fl^:*^. 

[^* 32] 

4 31*41 SU^-H, 

#?1 a>z]-^^ ^©l 7]-7ll^#^ **o.S ^* ^J-i: ^AS ^ 7>7jl^#4i 

7}°1 ^l^*^. 
[^* 33] 

XI 32*41 5d°H, 

#7] e$Z}3.<£-& A>Z|^^ tfl*^ <£ ^ '8'7> ^BflS. ^* T 1 ^* 
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34] 

33^H1 Sa°H , 

#7l 7^l^s}-;g#i2<l^ #7l c^^^cHl #71 tfl^ <# ^ ^ ^efl^ol 

^- ^EflS. 55* ^ ^>7il^#i:^ ^WcHL 

[^^J- 35] 

*ll 33%H1 91°]*], 

#7l ^Tfl^sj-^t^^ ^"71 ^^S^ofl #7l ^ Z}-Z}- ^efli^ol 

^ ^HflS. #JE^- ^ClS *Rr ^>7ll^#^>^ ^12:« 0 V^. 

[3t^ 36] 

#71 oj^o^o. AV 7 1 tfl^ <£ ^ ^zv ^ell^olH. ^Efl^. ^ 

[^^J- 37] 

^ 36%H1 9X°]^, 

#71 ^>711^3}-^#S^^ ^>7l ol^^ofl ^^-a} ^-71 tfl^ ^-^1 #efl^o] 

^ *JEJ1^- €^ £"51^- ^#*1 f>}±r 7>7])^#i:7l-o) . 

38] 

^ 36%H1 5^1, 

#71 zW)*&5\-%^51<£-& #71 a^iEL^ofl ^f^}^ a o V 7 ] cfl^ <y= zl-Z| #ell^ol 

^ ^ns. 5hE^ ^^*v ^-i- ^io S ^ 7.}7ii^#^>^ ^i^ w o v ^. 
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